Background Pain management is a complex and evolving topic. Treatment of pain must account for biochemical as well as social and economic factors. Sex, gender, and ethnic differences exist in the pathophysiology, diagnosis, and provision of care for patients with pain. Questions/purposes We sought to identify the sex, gender, and ethnic disparities leading to care inequalities with respect to pain management. Our purposes were to (1) clarify the state of where we are now, (2) outline ways to approach where we need to go, and (3) generate solutions for how we get there. Where are we now? Studies are beginning to uncover the biologic mechanisms underlying the pain response in sex, gender, and ethnic subgroups. Patient characteristics that increase the risk of postoperative pain are being identified. Where do we need to go? Much work needs to be done in medical education with respect to sex, gender, and ethnic disparities in pain management. Research efforts must better describe differences in physiology of pain, incidence of pain, coping strategies, patient-doctor relationships, and gender/ethnic-specific modes of care for the patient with pain. How do we get there? Future work will involve combined efforts with pain/anesthesia specialty societies, developing a disparities and pain management curriculum for medical providers, endorsing health literacy, performing highquality Level I/II research, and exploring systems processes in pain management in the acute hospital setting.
Introduction
Pain is a complex, multifactorial response to noxious stimuli from the environment. Individual patients experience pain in differing manners, and the processing, manifestations, and ultimate management of pain are highly variable. As the biochemical reactions to pain are being elucidated, the external and societal influences on pain management present a complex and intriguing issue ( Fig. 1) .
Pain is subjective, and the evaluation of pain is currently largely based on patient-derived assessments. As pain directly influences social behaviors, the goal of care is to match the individual patient needs and pain condition with an appropriate, patient-centered plan of care. Pain management should decrease pain, increase function, and improve quality of life. This care plan must also address the particular adaptations and responses to pain with respect to sex, gender, and ethnicity.
The management of pain is integrally linked to the treatment of the patient's underlying orthopaedic condition, and treatment success is related to the provider's ability to correctly identify and address disparities in care. With respect to sex (the chromosomal complement of an individual), gender (the influence of society on an individual), and ethnicity, we sought to identify the disparities leading to value-assigned inequalities in care provision with respect to pain management.
The purposes of our breakout session were to (1) clarify the state of where we are now, (2) outline ways to approach where we need to go, and (3) generate solutions for how we get there.
Where Are We Now?
The experience (perception) of pain involves a cascade of biochemical response to stimuli, which result in emotional responses, behavioral adaptations, and psychosocial coping strategies. Sex, gender, and ethnic/racial influences on pain pathways must be examined more closely. Discussion among physicians, social scientists, and epidemiologists in the breakout session on disparities in pain management first addressed the present state of knowledge in this area.
There is an increased prevalence of multiple pain syndromes among women [30] , and a number of individual pain syndromes, such as fibromyalgia and tension headaches, have higher prevalences in women [2] . Women may report more disabling pain after knee surgery [19, 20] . Pain catastrophizers may be more often female or in ethnic, such as Hispanic, subgroups [11] . Predictors of increased postoperative pain after primary and revision TKA are female sex, young age, and increased preoperative pain [26] . A delay of surgical treatment resulting in more severe preoperative functional loss may contribute to a ''never catch-up syndrome'' seen for women in the total joint arthroplasty literature [25] . Minorities may experience amplification of chronic mental health illnesses with the onset of acute pain, and they suffer greater interference with daily activities and missed work hours due to pain [31] .
The neurologic pathways of pain have been well studied [22] . Along with multiple pathways of pain generation, there are multiple types of pain (eg, neuropathic). Biologic (nociceptive) aspects of pain underlie gender and ethnic responses. A lower threshold for pain in African Americans and Asians has been demonstrated [3] . Although ethnic differences exist in pain prevalence and the reporting of pain, it is unclear whether neurobiologic differences exist in pain generation and processing across races. It is also poorly understood whether differences exist in the placebo response with respect to sex, gender, and ethnicity or the effectiveness of multimodal pain treatment in gender and ethnic subgroups. Drug metabolism for pain medication differs across a number of factors, including sex [18] , age, body mass index, and hepatorenal function. Effectiveness of certain medications, such as statin therapy for hyperlipidemia, may be less pronounced for women than for men [10] . Functional brain imaging is an evolving and promising research tool for sex, gender, and ethnicity studies.
Hormonal factors may play a role in response to pain, such as in the clinical expression of migraine pain [16] . Furthermore, life stages and associated hormonal milieu (puberty, pregnancy, menopause) may be more predictive of pain response than age alone [13] . Sex differences exist in the neurobiology of pain pathways, and work has been performed on the influence of hormones (eg, estrogen) on pain levels. In women, pain experienced is inversely proportional to estrogen level along the reproductive cycle [27] . Opioid (mu) pain receptor activation has been related to estrogen level across the sexes [27] . It is unclear whether the same mu receptor polymorphisms (eg, COMPT) exhibit differences across ethnicities, such as in genetic differences in nicotine receptor activation [14] . As testosterone levels in men decrease with chronic pain medication use and IGF-1 levels differ between men and women after TKA [19, 20] , perhaps other pain-activated factors (eg, substance P) vary with respect to sex and/or ethnicity.
Formal instruction in pain management in provider education is lacking. Current curriculums in medical school usually include only several hours of dedicated pain management teaching, and there is little teaching in the psychosocial aspects of pain diagnosis and treatment outside of traditional pharmacology or psychiatry coursework. Other advanced-degree health professional schools devote limited time to pain management classes, and differences in quality and exposure to this topic likely exist across provider types. Both overt and unconscious biases exist in provider delivery of pain medications. A discord has been demonstrated between physician and patient views of a given diagnosis [17] , which may be compounded by patient or provider fears of addiction, efficacy, side effects, and cost. Fear and emotions factor into outcomes after total joint arthroplasty [12] . Minorities have higher rates of fear surrounding medical care, and minorities may more commonly suffer from helplessness and self-blame in the face of disease [23] . Patient trust may relate to prior experiences or a collective memory of adverse events (eg, Tuskegee experiments) that may have deep geographic and historical roots.
Access to care, including rehabilitation services, social support, and insurance restrictions, may complicate postoperative care. Minorities may be more likely to use acutecare settings over primary care offices for routine care [9] . Poor quality of health education and literacy for minorities and the notion that male patients ''speak the same language'' as physicians [4] when compared to female counterparts are problematic. Minorities may have more limited time for treatment and may sacrifice physical therapy sessions or psychiatry visits to attend work [21] . The overall lost work time is similar across the sexes, but men and women are away from work for differing conditions/reasons [28] . Women are more likely to access care for their pain, but this may be due to a higher incidence of reported pain events compared to men [24] .
Where Do We Need to Go?
Delivery of care to patients with pain involves treating the entire patient, not simply the patient's pain or individual body part. Accurate communication and patient education protect against compliance issues and aberrant psychosocial responses or expectations of pain.
Pain in the acute setting must be distinguished from and managed differently from chronic pain. The practicing orthopaedist must be equipped to handle pain in relation to acute surgical problems, and better recognition must be made for pain as a ''fifth vital sign.'' A clearer definition for who is responsible for managing pain in specific clinical settings is needed, and appropriate management of narcotics to underserved populations awaiting surgery is justified. This may result in a better connection between the community or primary care provider and the orthopaedic surgeon.
Pain research is complex. Level I/II studies should focus on pain management regimens. Ideally, studies would be industry-independent. Such studies should include questions related to sex and ethnic effects on metabolism, along with neurobiologic/genetic differences across ethnicities.
Researchers must focus on time dependence of pain and response to treatment (eg, intraoperative, perioperative, 2 weeks postoperative). Identification of pain catastrophizers, understanding their pain generators, and developing tailored treatment algorithms will be important. Exploring comorbid mental health diseases (eg, depression) for all patients will help with predictive treatment models. This research should also examine the effectiveness of provider empathy, patient self-management, and reasons for why patient compliance may lag.
Future directions must identify and eliminate bias at a number of levels. Patient bias may involve distrust of remedies, medical systems, and physician roles. Minorities may underreport pain when dealing with opposite-sex providers or with physicians perceived to be of ''higher status.'' System/provider bias is evidenced by differential pharmacy opioid stocking rates by socioeconomic region [8] or emergency room analgesia discrepancies [29] . Differences in prescribing practices for white versus nonwhite patients have also been documented in postoperative patients, patients with cancer, and patients with chronic pain in the Veterans Affairs system. Physicians may routinely underestimate pain in nonwhite groups, and differentials may exist in referrals for nerve blocks or the propensity to increase pain medication doses. Despite data from the Veterans Affairs system showing no difference in drug diversion with respect to ethnicity [1] , overt or unconscious concerns of providers regarding addiction, safety, and drug diversion based on ethnicity may influence prescribing practices. Furthermore, physicians may have limited exposure to certain minority groups based on location and scope of practice. ''Cultural programming'' [6] may bias interactions between the physician and patient. Minority patients with osteoarthritis may be less likely to know other minority patients who have undergone total joint arthroplasty [4] .
Cultural practices, including complementary/alternative treatments and the role of prayer as pain-coping strategies, influence response and adherence to treatment. Alternative therapies should be explored as a means of providing more culturally competent care; such therapies must be studied to assess their effectiveness. Biofeedback, acupuncture, chiropractic care, yoga, nutraceuticals and dietary supplements, and anti-inflammatory diets all play into complementary and alternative medical options. Likewise, faith-based healing methods show strong cultural and ethnic influences. Increased education and training of providers are needed in these areas.
Pain metrics may need to be re-evaluated for their applicability, specificity, and validity for gender-and ethnic-related issues. They may be poor tools for longitudinal healthcare disparities research in studying subjective pain end points over time. A number of pain scoring systems, including the Pain Anxiety Symptom Scale, visual analog scale (VAS), and fear score, have been used in the orthopaedic literature [12] . Targeted patient preference reports may more closely inform practitioners to patient concerns, and models of patient preferences-expectations (expectancy-value model [5] , risk-return model [32] ) may offer insight into compliance issues.
How Do We Get There?
The breakout session format is helpful for generating ideas and synthesizing themes or inadequacies in the literature. However, it is largely based on expert opinion related to the content and scope of the topics presented in the symposium. Moreover, practical limitations existed on the number of individuals in the breakout session; the presence of additional experts from other disciplines, such as pain management, anesthesia, physical medicine and rehabilitation, and primary care would have proved a more robust multidisciplinary review. Finally, although much work is now being done to examine gender and ethnic disparities in pain management, the recommendations from this session are limited by the historically limited studies on the topic, including the orthopaedic literature with respect to gender and ethnic functional and clinical outcomes.
An effective approach to tackling issues of sex, gender, and ethnicity in pain management should combine the efforts of the American Academy of Orthopedic Surgeons with those of other subspecialty groups such as the American Pain Society, American Academy of Pain Management, and the International Association for the Study of Pain. Combined projects might include research initiatives, pain treatment protocols, Continuing Medical Education/Maintenance of Certification/in-training examination programs, and dissemination of literature to both providers and patients.
A teaching curriculum on pain management for primary care physicians, anesthesiologists/pain specialists, and orthopaedists regarding sex, gender, and ethnic pain issues is important to advance provider knowledge. For the practicing orthopaedic surgeon, a primer on the top five issues in pain management may provide useful guidelines and enhance their knowledge base. Potential covered topics may include when sex, gender, and/or ethnicity concerns may be important in terms of pain management, how to gauge patient compliance, assessing efficacy of pain medications, directed information from pain specialists, and protocols for dealing with chronic versus acute pain (and, within acute pain, topics may include care of patients with acute fractures versus postoperative care of patients with total joint arthroplasty). The management of the ''addicted'' patient and threshold for referral to pain specialists should be added. Along with education of providers, education of patients is of high importance. This includes expanding health literacy for common orthopaedic issues and pain management. Importantly, cultural competency in training [15] must teach core clinical skills of empathy and sex, gender, and ethnicity awareness in practice. The healthcare provider must receive formal pain management training that respects sex, gender, and ethnicity in its scope.
Effective research would ideally be independent from industry sponsorship and utilize quality metrics in pain evaluation and control. Research work must include quality Level I/II studies addressing both inpatient/acute-care research and community-based outcomes. Longitudinal, epidemiologic studies with pain as a primary variable of interest, along with qualitative assessments of physicianpatient interactions, will improve our focus. The genetic response to pain and the biologic pathways of potential sex, gender, and/or ethnic differences may prove key research targets. Ultimately, research may afford better predictive models for screening ''at-risk'' patients and shed light on the optimal timing for surgical interventions in relation to sex-, gender-and ethnicity-specific influences on pain.
The role of the drug development industry in furthering research will be an evolving topic. Equal ratio across genders and ethnic groups must be sought in randomized controlled trials. A number of pharmaceuticals, including certain cardiovascular and other medications withdrawn from the market, may preferentially and adversely affect women [7] . Dosing calculations for medications should take into account sex and/or ethnic variables, along with traditional weight-based and clearance systems. Drug marketing should more appropriately address the health literacy and needs of gender and ethnic populations.
Multidisciplinary pain forums must connect the patient (individual), society (group), and providers (system). This nexus must include primary care, orthopaedics, rheumatology, pain management, anesthesia, physiatry, and pharmacy. Comanagement of acute-care patients may provide better care. Likewise, preoperative counseling and expanded social supports for ''pain-catastrophizing'' patients may foster a sense of improved patient education, patient-centered care, and advocacy.
Finally, work must be done to improve system processes of pain assessment in the hospital setting. Standardized, visual (eg, VAS) feedback for real-time pain control, timesensitive responses to pain medication requests, and teams designed specifically to address pain in the acute postoperative patient may advance care while increasing patient satisfaction and governmental compliance requirements.
